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METHODS AND APPARATUS TO FORM GATES IN 
SEMICONDUCTOR DEVICES 

TECHNICAL FIELD 
[0001] The present disclosure relates to semiconductor device manufacturing 
and, more particularly, to methods and apparatus to form gates in semiconductor 
devices. 

BACKGROUND 

[0002] The metal-oxide-semiconductor (MOS) transistor is one type of field 
effect transistor (FET). The MOS transistor typically includes a soxirce, a drain region, 
a gate oxide layer, and a gate formed on a semiconductor substrate. 

[0003] According to a conventional method of manufacturing a MOS 
transistor device, a gate oxide layer is formed on a device active region of a 
semiconductor substrate. Next, a polycrystalline silicon layer is formed on the gate 
oxide layer and a photoresist layer is deposited on the polycrystalline silicon layer. The 
photoresist layer is then exposed and developed to form a photoresist layer pattem that 
exposes and covers predetermined areas of the polycrystalline silicon layer. 

[0004] Subsequently, using a process such as end point detection (EDP), the 
photoresist layer pattem is used as a mask to etch the exposed areas of the 
polycrystalline silicon layer. As a result, a predetermined width of the polycrystalline 
silicon layer that remains forms a gate of the MOS transistor device. 

[0005] However, during the exposing and developing of the photoresist layer, 
because light is reflected fi*om the polycrystalline silicon layer formed therexinder, it is 
difficult to form a pattem to precise and desired dimensions. This problem becomes 
more severe as higher levels of integration are pursued, that is, as pattem dimensions 
decrease in size. 

[0006] With continuous increases in the level of device integration, it is 
becoming more and more difficult to realize a MOS transistor gate having a small 
width. To overcome this difficulty, an organic or inorganic anti-reflection coating 
(ARC) is formed on the polycrystalline silicon layer. However, even with the use of an 
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ARC, limits with regard to the patterning dimensions of the photoresist layer remain. 
In particular, using present patteming processes, a gate having a width of 0. 1 8jam may 
be formed, but it becomes difficult to form a gate having a smaller width of, for 
example, 0.15 \im or 0.13 jim, 0.09 ^im, etc. 

[0007] Conventional techniques related to forming a gate of a small width are 
disclosed in US Patents 6,583,009; 6,569,736; 5,479,368; and 6,358,827. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] FIGS, la through Id are sectional views used to describe a 
semiconductor device manufacturing method. 

DETAILED DESCRIPTION 
[0009] An example method will now be described in detail with reference to 
the accompanying drawings. FIGS, la through Id are sectional views used to describe 
a semiconductor device manufacturing method. 

[0010] As disclosed herein, to overcome dimensional limitations with respect 
to patteming processes in which a photoresist layer is exposed and developed, a 
photoresist layer is not used, and, instead, a sidewall material is left remaining on side 
walls as an etch-back to form a gate. A method for realizing such a configuration is 
described below with reference to FIGS, la- Id. 

[0011] Referring first to FIG. 1 a, a gate oxide layer 12 is formed on a 
semiconductor substrate 1 1 that is divided by a trench 10 into an active region and an 
isolation region. A nitride layer 13 is formed as a sacrificial layer on the gate oxide 
layer 12. 

[0012] The nitride layer 13 is used in the process of forming sidewalls of a 
subsequent step. A thickness of the nitride layer 13 is determined by considering a 
desired width of a gate. 

[0013] Subsequently, a photoresist layer is deposited on the nitride layer 13, 
then the photoresist layer is exposed and developed to form a photoresist layer pattern 
14 that exposes a predetermined area of the nitride layer 13 (i.e., a predetermined width 
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of the nitride layer 13 when a cross section of the semiconductor device is viewed). If 
the width of the opening of the photoresist layer pattern 14 is formed such that it 
encompasses an area from where one gate is to be formed to where an adjacent gate is to 
be formed, it is possible to form two gates simultaneously. 

[0014] Next, with reference to FIG. lb, using the photoresist layer pattern 14 
as a mask, the exposed area of the nitride layer 1 3 is etched to form a nitride layer 
pattern 13'. The photoresist layer pattern 14 is removed following etching and a 
cleaning process is performed. Following removal of the photoresist layer pattern 14, a 
polycrystalline silicon layer 15 is formed over all exposed elements of the nitride layer 
pattern 13' and the gate oxide layer 12. 

[0015] Subsequently, referring to FIG. Ic, using the polycrystalline silicon 
layer 15 as an etch-back, sidewall gates 15' are formed by leaving predetermined 
amounts of the polycrystalline silicon layer 15 on vertical wall areas of the nitride layer 
pattern 13'. In the etch-back forming process, a degree of over-etch is dictated by a 
desired gate width. That is, the smaller the desired gate width, the greater the amount 
of over-etch that needs to be performed such that the sidewall gates 15' are formed to a 
minimal width. As will be readily appreciated by those having ordinary skill in the art, 
it is possible to use an anisotropic etching process rather than an etch-back process,. 

[0016] Next, with reference to FIG. Id, the nitride layer pattem 13' is 
removed. Conventional transistor manufacturing processes may be performed 
following removal of the nitride layer pattem 13'. 

[0017] As described above, a gate of a sidewall formation having a width 
corresponding to a desired width is formed using an etch-back method. As a result, a 
gate of a width smaller than realizable using conventional methods may be formed such 
that the device may be made to smaller sizes. 

[0018] As disclosed above, in one example, a formation method of a gate in a 
semiconductor device in which the gate is formed having a minimal width is provided. 
In one example, the method may include forming a gate oxide layer and a sacrificial 
layer on a semiconductor substrate, in this sequence. The sacrificial layer is then 
selectively etched to form a sidewall opening. A polycrystalline silicon layer is then 
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formed on an area of the gate oxide layer exposed through the sidewall opening and on 
the sacrificial layer. Anisotropic etching of the polycrystalline silicon layer is 
performed such that sidewall gates are formed by remaining portions of the 
polycrystalline silicon layer on sidewalls of the sidewall opening. In such an 
arrangement, a width of the sidewall gates corresponds to a desired width of a gate. 
The sacrificial layer is removed following etching of the polycrystalline silicon layer. 
For example, a nitride layer may be used as the sacrificial layer. The sacrificial layer or 
nitride layer may be removed using a wet etching process. 

[0019] Anisotropic etching of the polycrystalline layer may include an etch- 
back process. 

[0020] The width of the sidewall gates is determined by a thickness of the 
sacrificial layer. The width of the sidewall opening formed by selectively etching the 
sacrificial layer corresponds to a width from one gate to an adjacent gate, 

[0021] Although certain methods in accordance with the teachings of the 
invention have been described herein, the scope of coverage of this patent is not limited 
thereto. On the contrary, this patent covers every apparatus, method, and article of 
manufacture fairly falling within the scope of the appended claims either literally or 
under the doctrine of equivalents. 
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